Peripheral nerve blockade (PNB) is gaining popularity as an analgesic technique across a range of surgical specialties. Peripheral nerve blockade provides superior levels of analgesia in the immediate postoperative period when compared with traditional opioid techniques and is associated with high levels of patient satisfaction 1-4 . Continuous peripheral nerve blockade (CPNB) is an extension of the single-shot technique, requiring the placement of a perineural catheter and subsequent infusion of dilute local anaesthetic solution. A number of centres are reporting favourably on applications of CPNB in hospital practice 5-8 and other authors have adapted the technology to provide long-acting analgesia at home, following complex orthopaedic procedures 9,10 .
Safety Committee. All patients receiving a plexus or nerve block as part of their anaesthesia were enrolled. Patients receiving central neuraxial anaesthesia were excluded. A separate data collection form was generated for each episode of care by the performing known only to the research staff and used to ensure retrieval of incomplete data. For the purpose of the as "trainee" or "specialist".
The following demographic data were collected: patient age, gender, American Society of Anesthesiologists (ASA) physical status score, procedure and diabetic and opioid history. In addition a subjective assessment of the patient's body habitus was recorded on a four-point nominal scale (underweight, normal, overweight, obese).
A standardised technique for single-shot PNBs, using nerve location equipment (Fisher and Paykel, 0.2-1.0 mA, 1Hz) and short-bevel, 22 gauge insulated needles (Pajunk Uniplex, Geisingen, Germany), was recommended. Continuous perineural infusion was also recommended to be performed under nerve location guidance. Purpose-designed catheter kits incorporating an insulated, Touhy-tipped needle was standard equipment for all CPNBs (Pajunk Plexilong, Geisingen, Germany). For shallow blocks (brachial plexus, femoral nerve) a 50 mm needle was used, while deeper blocks (lumbar plexus, sciatic) were performed with a 100 mm needle. The type and duration of PNB was at the discretion of the attending anaesthetist. Appropriate muscular response in the territory supplied by the target nerve or plexus at currents between 0.2 and 0.6 mA was considered satisfactory. Twitches at currents of 0.2 mA or less were considered to present an increased risk for intraneural injection and the needle tip was withdrawn 1 to 2 mm prior to injection or insertion of the catheter. Pain service policy during the period of the audit was for infusion of ropivacaine 0.2% at 7 ml/h for upper limb catheters and 10-12 ml/h for lower limb catheters. Catheter insertion sites were routinely covered with clear transparent dressing. Removal was undertaken along guidelines similar to those existing for the removal of epidural catheters 24 .
Details of the block performed were recorded for all patients, including block site and whether or not a catheter was inserted. Patient level of consciousness during the performance of the nerve block was documented (awake, sedated, anaesthetised).
Technical problems (equipment failure, multiple attempts, second anaesthetist required) and acute complications (paraesthesia, bleeding, pain on injection, dyspnoea, systemic toxicity, epidural or intrathecal spread) were recorded at the same time. Unsuccessful blocks were also reported.
Data collected in the Post Anaesthesia Recovery Pain score on a 10-point verbal scale and perioperative opioid consumption (converted to morphine equivalent dosage by an independent research assistant using a standard conversion table) were documented. Patients with a verbal pain score (VPS) >5 on waking purpose of this analysis. If the patient was unable to of the analysis. All patients admitted to the surgical wards were reviewed by the hospital Acute Pain Service on the appropriate. Day-surgery patients were interviewed by phone by the ambulatory unit nursing staff as part of routine follow-up. Problems associated with the CPNBs (disconnection, leakage, discomfort, inadequate analgesia) were recorded. Any neurological problems incidentally detected were reported to the audit team for further assessment.
At postoperative day 7-10 a review of all patients was undertaken. Patients were either contacted by phone if already discharged or visited on the ward the relevant limb. Patients describing motor weakness, allodynia, dysaesthesia or worsening paraesthesia were requested to attend the hospital for or another disorder prohibiting interview were thetist. In these cases nursing staff or family carers were questioned instead, with an emphasis on up responses could be obtained the patients were excluded from the long-term outcome analysis. by the reviewing anaesthetist (SW) were referred to a designated neurologist or chronic pain specialist as appropriate. Formal nerve conduction studies were ordered for all patients with new onset motor dysfunction. Data on long-term outcomes were collected for all patients requiring sub-specialty referral. 
RESULTS
A total of 1065 blocks were performed for 959 patients received more than one plexus or nerve block. These patients underwent unilateral lower limb surgery and received sciatic nerve blockade (SNB) in addition to either femoral nerve blockade (FNB) or lumbar plexus block (LPB). The type of block used is summarised in Table 1 . There were 261 FNBs, 218 LPBs and 187 SNBs. The interscalene (ISB) approach to the brachial plexus was the most commonly performed upper limb block (241 blocks). In addition there were 74 axillary, 27 infraclavicular and 15 supraclavicular brachial plexus blocks. Twenty-four paravertebral blocks (PVB) were performed in the audit period. A further 17 "other" blocks were also documented by contributing practitioners and comprised ankle, wrist, In 80% of cases PNB or plexus block was combined with general anaesthesia. Three-hundred and nineteen blocks were performed with the patient awake (30%), 273 (25.6%) under light sedation and the remainder (472) following the induction of general anaesthesia. Nerve stimulation techniques were documented as being used in 986 (93%) of the nerve blocks. Loss of resistance was favoured for paravertebral blocks (n=24) and the placement of fascia iliaca femoral catheters (n=5). Paraesthesia was documented as the technique used in 16 (1.5%) nerve blocks. No technique was indicated on the data collection form for the remaining 22 blocks.
Ropivacaine was the most frequently utilised local anaesthetic (70% of PNBs). Levobupivacaine was used in 25% with the remainder lignocaine (3.5%) or bupivacaine (1.5%). Clonidine was the only additive utilised with any regularity (36%).
Technical problems during block placement were reported as "none" in 82 % of blocks. In the remainder the performing anaesthetist experienced one or more of the problems listed above. These blocks technical problem documented (7%) was multiple attempts (more than two skin penetrations). Half these cases required intervention by a second anaesthetist. Equipment failure was documented as a problem during eight blocks.
On ten occasions (1%) the planned block technique was abandoned and alternative analgesic options instituted. Frequency of technical problems was consistent with the frequency of type of block being "normal" or "underweight" (16% vs 8%).
Acute complications were documented on 15 occasions in 12 patients. The most common complication was "pain on injection" (seven cases, representing 2% of awake patients). Two cases of intravascular injection of local anaesthetic were reported, with one patient developing signs of neurological toxicity during SNB requiring anticonvulsant therapy. Three cases of haematoma were reported after ISB brachial plexus blockade. Management was conservative with no sequelae. One case of unintended epidural spread was recorded following lumbar plexus blockade.
A verbal pain score (VPS) >5 on arrival in PACU was considered as inadequate postoperative analgesia. We found that 152 (14.2%) of the 1065 blocks were associated with an initial VPS >5. Forty patients settled without requiring any additional analgesia. The majority of the remainder required between 6 and 10 mg morphine prior to discharge from PACU, with only 19 patients (2% overall) requiring more than 10 mg in the recovery room. Table 1 summarises 
Late complications
Data from 828 (86%) patients representing 917 nerve blocks were available for analysis of late complications.
Twenty-one patients at initial contact reported neurological symptoms that met our criteria for further follow-up. Two patients declined to attend the one-month clinical review. Telephone follow-up was arranged and was consistent with resolving lesions. Both patients had returned to sport at six months. assessment to have symptoms consistent with their condition and stage of rehabilitation. These consisted largely of resolving paraesthesias, post-surgical with new onset dysaesthesia in the distribution of the lateral femoral cutaneous nerve of the opposite leg after hip replacement surgery and was excluded from further analysis. The remaining 13 (1.3%) patients underwent subspecialty referral and review. Details of these cases are presented in Table 2 .
The 13 patients presenting with persistent neurological problems after surgery and PNB were representative of the study population. Average age was 55 years, range 26 to 83. There were eight females with trauma surgery. Eight of 13 patients had a continuous block performed or attempted. Only two patients had the block(s) performed after induction of general anaesthesia.
Three patients (23%) had technical problems reported at block placement with multiple attempts and/or a second anaesthetist being required. One lumbar plexus catheter-insertion was abandoned and converted to a single-shot technique. No acute complications were reported in this sub-group. All blocks were rated as effective on arrival in PACU.
Presenting symptoms are summarised in Table 2 .
One post-thoracotomy patient was referred directly to a Chronic Pain Specialist for further management. Three patients with localised distal paraesthesia and one patient with signs consistent with unintended cervical plexus blockade were treated conservatively. All these cases demonstrated complete resolution within six months. The remaining eight patients underwent neurological review and nerve-conduction studies.
Six patients had persistent neurological symptoms at six months post-surgery. Four patients had persistent lesions considered to be unrelated to PNB (patients 9, 10, 11 and 12). One study was inconclusive (patient Age/gender/ ASA this analysis. Symptoms in this case had resolved at nine months. Neurological review supported trauma or surgical causes in three patients. Post-viral, autoimmune polyneuropathy was diagnosed in one patient. In this case a 69-year-old man presented with hand weakness on day 10 post-acromioplasty. He had received a single shot ISB prior to surgery which had completely resolved prior to discharge. EMG was consistent with neuralgic amyotrophy of the posterior and anterior interosseous nerve. This was attributed to a post-viral effect. One year later he still has weakness of his digits with occasional paraesthesia in his thumb. One further patient, a 33-year-old female having had a continuous FNB for arterial cruciate ligament reconstruction, was debilitated by subsequent paraesthesia and allodynia in the femoral nerve distribution and paraesthesia in the distal peroneal nerve distribution. EMG studies, lumbar MRI and consensus neurological opinion was that this was most-likely due to tourniquet-related multi-nerve pathology.
at nine month review. This patient presented with foot-drop after total hip arthroplasty, the anaesthetic technique having been general anaesthesia supplesupplementary SNB had been abandoned after multiple attempts. Proximal L5 neuropathy was demonstrated on conduction studies.
DISCUSSION
This prospective study demonstrates that peripheral nerve blockade is an effective method of providing supplementary analgesia in the surgical setting. The various techniques reported are associated with a low incidence of acute complications, all of a transient nature. Many patients reported paraesthesia and week after surgery and PNB. Most of these resolved without further intervention. A smaller percentage of patients (1.4%) presented with neurological symptoms that warranted further investigation. Aetiology was multi-factorial (Table 2) with two patients (0.22%) demonstrating evidence of disruption of nerve conduction at the level of the block, one being persistent at six-month review.
Reports of nerve injury after anaesthesia and surgery are not uncommon. Sawyer 25 has published a comprehensive review of injuries associated with anaesthesia and surgery. He quotes a background incidence of approximately one nerve palsy per thousand (0.1%), in patients receiving general anaesthesia alone. The contribution of regional anaesthesia, and more particularly peripheral neural blockade, the American Society of Anesthesiologists Closed Claims Database reveals that approximately 80% of claims for upper limb nerve damage occur after general anaesthesia. In contrast 70 to 90% of claims for lower limb nerve damage are associated with regional techniques; most frequently subarachnoid block 26 . Lee et al reviewed a sample of 1005 regional anaesthesia-related claims over a 20-year period during the 1980s and 1990s. Permanent nerve damage was associated with 39 peripheral nerve blocks.
23% of cases. Thirty-eight percent of claims resulted in a payment to the plaintiff 27 .
The mechanism of nerve injury in these cases is often uncertain and probably multifactorial. Direct injury from needles, surgical instruments or diathermy can occur, but stretch, compression and ischaemia may also contribute. Diabetic patients, those with predisease and those exposed to induced hypothermia are at greater risk 25, 28 . Attention to safe patient positioning and peripheral nerve protection is now standard in most operating environments independent of the type of anaesthetic. Documentation of positioning measures on the anaesthesia record is desirable (ANZCA Professional Document PS6).
Case reports of permanent neural complications after surgery and PNB exist [29] [30] [31] . Intra-neural injection of local anaesthetic with associated axonal disruption and ischaemia has been shown to be closely correlated with nerve damage in a dog model 32 . This is probably the mechanism of injury for the majority of recommendation that PNB always be performed in awake patients. Use of nerve stimulation techniques and short-bevel needles is highly recommended 28, 33 and is less likely to cause nerve injury than traditional induction of paraesthesia techniques.
Closed claims analysis and case reports highlight adverse outcomes alone. They do not provide a denominator that permits adequate risk assessment. In addition, complication rates from studies using older, paraesthesia-based techniques are unlikely to apply in the current clinical environment. Clinicians need to know what the actual risk of damage to the nerve or plexus is from using a particular PNB technique for a particular patient population. These In a recent review of the topic, Liguori noted a wide range in the reported incidence of nerve dysfunction after surgery and PNB. Studies relying on self-reporting or chart review produce lower rates than those with prospective questioning and direct neurological follow-up 34 . Poulakka and colleagues have recently reviewed neurological sequelae after neuraxial block for orthopaedic surgery in a cohort of over 3000 patients and report an incidence of sensory disturbance of up to 17% at one week postoperatively. They reinforce the importance of ongoing systematic audit to identify rare complications of anaesthesia and surgery 35 .
Auroy and co-workers have coordinated two comprehensive, prospective reports of major complications associated with all forms of regional anaesthesia across multiple centres in France. The initial report included data about more than 21,000 PNBs and calculated an incidence of neurologic injury of 1.9 per 10,000 (95% CI 0.5-4.8) 17 . A second prospective details of serious adverse events (including peripheral nerve injury) after regional anaesthesia. Participating anaesthesiologists maintained a record of all blocks performed during the 10-month study period to enable accurate calculation of the incidence of complications.
They detailed seven self-reported cases of peripheral neuropathy persistent at six months following 43,946 upper and lower limb PNBs, an incidence of 1.6 / 10,000 36 .
Klein and the Duke University ambulatory group have extensive experience with both catheter and single-shot neural blockade and report few complications associated with over 2,300 PNBs 37 . The response rate to seven-day follow-up in the study averaged 60%. Complications were documented based on the patient's verbal response to a series of questions. Formal neurological testing was not undertaken. Twenty-six patients reported abnormal neurology, with only four (0.17%) being potentially attributable to the block or the surgery. All resolved by three months.
Borgeat [38] [39] [40] has published three papers reporting long-term neurological outcome after peripheral nerve block. The initial paper reports a series of over 500 patients receiving ISB and general anaesthesia for shoulder surgery. Patients in this study received ISB with nerve-stimulation guidance while awake. Continuous catheters were placed as indicated. All patients were followed for up to a year after the procedure, with those displaying abnormal neurology in the postoperative period receiving formal nerve conduction testing. Thirty patients (6%) had symptoms (from all causes) requiring further investigation at six months. Only one of these (0.2%) demonstrated
The remainder settled conservatively or responded to treatment for non-block-related nerve entrapment syndromes. Similar results (one lesion at six months) reported after 500 popliteal sciatic nerve blocks.
More recently Candido 41 presented outcome data on neurological dysfunction in a series of 693 patients following ISB with levobupivacaine and adrenaline for shoulder surgery. Fifty-six patients (8.4%) reported neurological dysfunction (mostly paraesthesia) in the postoperative period, but the majority resolved spontaneously within 4-12 weeks. Three patients had persistent lesions at six months requiring intervention. Only one was rated by the authors as being potentially related to the ISB. Univariate analysis of patient and block characteristics revealed a positive correlation between paraesthesia at the time of ISB and neurologic sequelae. No correlation between body found.
On the basis of currently available data it appears that continuous plexus infusion techniques do not have long-term complication rates higher than singleshot techniques 39 . CPNB is, however, potentially more effective 7,10 . Our complication rate (two lesions either directly or potentially attributable to PNB, detectable at six months) after 1,065 PNBs (0.22%) is within the range of overall risk reported by other authors using similar methodology. Using the technique described by Ho et al 23 , it is possible to generate and then combine make true risk estimation more accurate. Collating the data from the three studies by Borgeat et al [38] [39] [40] with Candido's data 41 produces an overall risk rate for neurological complications associated with PNB set at 95% (Table 3 ). This overall rate of neurological complications is similar to that reported by Sawyer 25 for surgery not associated with PNB.
It is not possible however to draw statistical conclusions from our data about factors that contribute towards (or protect against) nerve damage. Pooled data from multiple centres, all using similar techniques and equipment and conducting standardised neurological reviews, will be required injuries associated with PNBs.
